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The high statistics that will be collected during the LHC Run-II (and beyond) open the
path to precision measurements at the TeV scale, where the PDFs will play a crucial role in
BSM searches. In the di-lepton final state accurate measurements of the Forward-Backward
Asymmetry (AFB) will be available, particularly in the invariant mass region around the Z
peak. We show that this observable displays a statistical error which is competitive with
that assigned to the existing PDF sets and which will rapidly become smaller than the latter
as the integrated luminosity grows, thereby offering a means of constraining the (anti)quark
PDFs over a sizeable (x,Q2) range. In the context of SUSY searches we consider the effects of
employing threshold-improved PDFs in a consistent calculation at NLO+NLL of slepton pair
production cross sections. The calculations featuring a consistent resummation procedure both
at PDF and partonic matrix element level are accompanied by PDF and scale uncertainties,
and they provide a reliable and updated theoretical estimation for experimental data analyses
at the LHC Run-II.
1 Introduction
The LHC programme has recently entered in the Run-II stage, featuring an upgraded c.o.m.
energy of 13 TeV and aiming to achieve a high integrated luminosity in the next years and
furthermore during the following High Luminosity (HL) stage. In order to keep up with the
increasing statistical precision of experimental measurements, an impressive effort has been made
on the theoretical side to provide higher order calculations, often including also the resummation
of large logarithmic contributions that appear in the perturbative expansion, such that in many
cases the remaining uncertainty is dominated by the determination of the Parton Distribution
Functions (PDFs). In this context, a precise determination of the PDFs will be a crucial point
for LHC physics, as well as their consistent employment in the theoretical calculations of cross
sections at next-to-leading order (NLO) and next-to-leading logarithmic (NLL) accuracy.
These two main points are considered in this work. In Sect. 2, we propose the inclusion of the
di-lepton final state Forward-Backward Asymmetry (AFB) pertaining to the Neutral Current
(NC) Drell-Yan (DY) production channel, in the fit of the PDFs. In Sect. 3 we consider a SUSY
BSM scenario and we study the effect of adopting threshold-resummed improved PDFs in a
consistent calculation of the slepton pair production cross section at NLO+NLL.
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2 The Forward-Backward Asymmetry in the fit of PDFs
In this section we consider the possibility of including the Forward-Backward Asymmetry (AFB)
observable in future fits of the PDFs 2. In Fig. 1 we compare the statistical and PDF errors
on the AFB and we recognise that when the former is smaller than the latter, a precise experi-
mental measurement of the observable can improve the fit of the PDFs, thus reducing its PDF
uncertainty. In the plot on the left are shown the two sources of uncertainties in the Run-I
setup. As visible the statistical indetermination is always of the same order or larger than the
PDF error, thus no improvement in the PDF fit is to be expected due to the inclusion of this
data. In the plot on the right the same exercise is repeated for the Run-II c.o.m. energy and
for various stages of achieved integrated luminosity. In this scenario it is possible to define an
invariant mass interval where the statistical precision overcomes the PDF error.
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Figure 1 – Statistical and PDF uncertainties on the reconstructed A∗FB distribution for the LHC with c.o.m.
energy of 8 TeV (left) and 13 TeV (right). The blue band refers to the PDF uncertainty evaluated varying the
factorisation scale in the interval 0.5M`` < Q < 2M``, while the dashed blue line (right plot only) represent the
choice Q = pT . The statistical error is obtained for different integrated luminosities as specified in the legend.
Another interesting feature of the AFB resides in its sensitivity on the partonic content
of the proton which is parametrised differently in each PDF set. The AFB indeed depends
on the relative size of the u and d quarks contribution to the DY process. The differences in
the parametrisation of the quarks PDFs between the various sets is augmented in the high-x
region. Imposing a rapidity cut on the sample we select the di-lepton events arising with a large
boost, thus originating from the interaction between a valence quark with a large-x and a sea
anti-quarks with small-x.
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Figure 2 – A∗FB distribution in the invariant mass region around the Z peak at the LHC with c.o.m. energy of
13 TeV computed with the CT14NNLO and the NNPDF3.1 PDF sets. The error band represent the statistical
uncertainty computed for an integrated luminosity L = 300 fb−1. A rapidity cut of |Y``| > 0.8 (left) and |Y``| > 1.5
(right) is imposed on the di-lepton system.
In Fig. 2 we are showing the predictions for the AFB obtained with the NNPDF3.1 1 and
the CT14NNLO 3 PDF sets. From left to right, we have applied a rapidity cut |Y | > 0.8 and
|Y | > 1.5 on the observable, while the statistical uncertainty bands have been computed for an
integrated luminosity L = 300 fb−1. As visible the separation between the predictions of the
two PDF sets grows with the rapidity cut, thus an experimental measurement of the AFB in
these conditions can be used to resolve the correct parametrisation of the quark (anti-quarks)
PDFs in the high-x (low-x) region and to extract information on the u and d quarks content in
the proton.
3 Threshold-resummed improved PDFs in slepton pair production cross sections
Searches for BSM physics will reach considerably higher sensitivity as the LHC machine will
operate at higher c.o.m. energy and luminosity. Impressive theoretical efforts have been spent
to keep up with the increasing precision of experimental measurements, with the aim of pro-
viding reliable predictions for the relevant processes in the experimental analysis. This holds
also in the context of SUSY searches since nowadays the cross sections for many processes have
been calculated at NLO and beyond 4. Also special resummation techniques have been estab-
lished in order to take into account the contribution of logarithmic terms that appear in the
perturbative expansions of the cross sections to all orders. In this work we make use the public
code RESUMMINO 5, which has been developed specifically for the calculation of resummed
cross sections at NLL precision for several SUSY processes, with the purpose of updating the
theoretical predictions for slepton pair production cross sections with NLO+NLL accuracy for
the c.o.m. energy of the LHC Run-II 6.
A consistent calculation of the cross sections requires that the order in the perturbation ex-
pansion of the partonic matrix element of the hard process matches the one of the fit of the PDFs
which are employed in the computation. For this reason we will adopt the threshold-resummation
improved PDFs provided by the NNPDF collaboration 7. This particular set includes grids that
have been obtained using matrix elements calculated at NLO (NNPDF30 nlo disdytop) and
NLO+NLL (NNPDF30 nll disdytop) in the fit of a reduced experimental data set, including
only Deep Inelastic Scattering (DIS), Drell-Yan and top pair production data. Consequently to
this reduction these PDF sets are generally affected by a larger error with respect to the case of
globally fitted PDFs.
We present our results in the form of a K-factor, following the prescription of Ref. 8, which
is defined as:
K =
σ(NLO + NLL)NLO global
σ(NLO)NLO global
· σ(NLO + NLL)NLO+NLL reduced
σ(NLO + NLL)NLO reduced
, (1)
The purpose of this choice is two-fold. On one hand this definition allows to obtain (approximate)
central total NLO+NLL cross sections with NLO+NLL PDFs via
σ(NLO + NLL)NLL+NLO global = K · σ(NLO)NLO global. (2)
On the other hand we can rescale the (smaller) PDF error obtained from the global PDF
set directly on the K-factor such that it will be straightforward to estimate the uncertainty
on the consistent result at NLO+NLL. However in order to keep an important benefit of the
resummation we will transfer on the K-factor the relative size of the scale uncertainty calculated
on the NLO+NLL result. We will also sum in quadrature the two (independent) sources of
uncertainty in order to obtain an overall theoretical error band.
In Fig. 3 we show the results for the differential (left) and integrated (right) cross section
of first and second generation slepton pair production. The differential cross section has been
evaluated for one choice of the SUSY parameters which predicts a slepton mass of 564 GeV,
while the total cross section has been obtained for a range of slepton masses within the sensitivity
of the LHC by the end of the Run-II 9. In the lower plots we show the K-factor as defined in
Eq. 1 (red curve) and the ratio of the central values obtained with the reduced PDF sets fitted
at NLO and NLO+NLL (blue dashed line). The latter highlights the effect of the resummation
in the sole PDF fit. Comparing these two curves we notice a partial compensation between the
effect of the resummation within the PDFs and the partonic matrix element.
In Fig. 4 we repeat the same analysis for the case of third generation sleptons. The exper-
imental searches for stau pair production yield less stringent limits on the mass of the SUSY
particles since they also require the reconstruction of the taus in the final state 10. Moreover
since in the stau sector large mixing is allowed, the experimental limits have been determined
Figure 3 – Invariant-mass (left) and integrated cross section (right) distributions with their K-factors (lower
panels) according to Eq.(1) using the full expression (full red) and only its second, PDF-dependent part (dashed
blue line) for the pair production of left-handed selectrons/smuons at the LHC with
√
s = 13 TeV.
Figure 4 – Same as in the right plot of Fig. 3 for the integrated cross section of stau pair production for two
mixing scenarios: totally right-handed (left) and maximally mixed (right).
assuming different compositions of the mass eigenstates. We show our results assuming purely
right-handed staus and a maximal mixing respectively in the left and right plots of Fig. 4, since
the case of purely left-handed staus can be directly related to the results obtained above. For
what concerns the resulting K-factor we obtain similar results regardless of the stau mixing
because the QCD corrections turn out to be largely independent on the weak coupling structure
of the underlying partonic cross section and the dependence on the weak couplings cancels in
the ratios of Eq. 1. Similarly to the previous case, we observe a compensation between the effect
of the resummation within the PDFs and the partonic matrix element.
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